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® Method and apparatus for detoxicating halide of nitrogen or carbon. 



@ A nitrogen halide or carbon halide gas is caused 
to pass through a packed layer in which at least one 
granular material selected from the group consisting 
of silicon, molybdenum, tungsten, molybdenum sili- 
cide, and tungsten siiiclde is heated, so that the 



halide gas and granular material react with each 
other. The reaction product is treated with an alkali. 
In this manner, a toxic halide gas can be detoxicated 
with high efficiency. 
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Method and apparatus for detoxicating halide of nitrogen or carbon 



The present invention relates to a method and 
apparatus for treating a toxic halide at a high tem- 
perature, thereby detoxicating the halide. 

A large amount of nitrogen halides such as 
nitrogen trtfluoride {NF3), dinitrogen tetrafluoride 
(N2F4), and nitrogen trichloride {NCI3), or carbon 
halides such as Freon are widely used as a dry 
etching gas and various halide sources in semicon- 
ductor device manufacturing steps. In particular, it 
is assumed that latent demands for use of the 
halide in applications which require high etching 
rate and etching selectivity are very high. 

Similar to many gases used in the electronic 
industry, a nitrogen halide, e.g., NF3 has high toxic- 
ity and therefore must be detoxicated. In this case, 
this detoxtcation must be performed to observe the 
law protecting natural and working environments 
including regulations for a substance generated by 
the treatment. 

Conventionally. NF3 has been treated by the 
following two methods. In one method, NF3 is 
burned at a high temperature of, e.g., 500* C using 
a fuel such as activated carbon, or hydrocarbon, 
thereby producing N2 and CF4. In the other meth- 
od, NF3 is decomposed on a solid phase such as 
AtCt3. or FeCia. 

In the former method, however, a fuel must be 
frequently replenished, and a decomposition effi- 
ciency of MF3 is low. In the latter method, although 
the decomposition efficiency in an early stage of 
treatment is high, a film of a decomposed product 
is formed on the surface of the solid phase be- 
cause volatility of a decomposed product is low. As 
a result, the decomposition efficiency is signifi- 
cantly reduced as time passes. 

It is an object of the present invention to pro- 
vide a method which can detoxicate a halide of 
nitrogen or carbon with high decomposition effi- 
ciency for a long time period without frequently 
changing a reaction phase. 

It is another object of the present invention to 
provide an apparatus for carrying out the above 
method. 

According to the present invention, there is 
provided a method of detoxicating a halide of nitro- 
gen or carbon, comprising the steps of causing a 
gas of halide of nitrogen or carbon to pass through 
a packed layer in which a granular materia! se- 
lected from the group consisting of silicon, molyb- 
denum, tungsten, molybdenum silicide, and tung- 
sten silicide is heated so that the halide gas and 
granular materia! react with each other, and treating 
a reaction product with an alkali. 

In the method of the present invention, al- 
though a heating temperature of the packed layer 



depends on the type of granular material, it is 
normally 300 or higher. The upper limit of the 
heating temperature may be such temperature that 
a reaction vessel can withstand, and is not iimita- 

5 tive, Especially when the granular material is mo- 
lybdenum or tungsten, the heating temperature is 
preferably 450 °C or higher. If the temperature is 
less than the lower limits of those range, a reaction 
speed is unduly low. 

70 Though the grain size of the granular material 

is not limitative, it is preferably 0.1 to 5 mm in 
consideration of handling of the granular material 
and reaction efficiency. 

Examples of the alkatr for treating the reaction 

75 product from the packed layer are soda asbestos 
and soda lime. 

Examples of a nitrogen halide to be detoxi- 
cated by the method of the present invention are 
nitrogen trifluoride (^4F3), dinitrogen tetrafluoride 

20 (N2F4), and nitrogen trichloride (NCla). Examples 
of a carbon halide are hydrocarbon halides such as 
Freon, e.g. CF*. CHF3, CHCiF2, and CaCtsFs. 

In addition, according to the present invention, 
there is provided an apparatus for detoxicating a 

25 halide of nitrogen or carbon, comprising a heating 
oven, a reaction chamber, heated by the heating 
oven, for housing a packed layer of a granular 
material selected from the group consisting of sili- 
con, molybdenum, tungsten, molybdenum silicide, 

30 and tungsten silicide, and an alkali treatment cham- 
ber connected to the reaction chamber. 

In the apparatus of the present invention, an 
inlet port of the reaction chamber is connected to 
the halide gas source, and a mass flow controller 

35 for adjusting a flow rate of a halide can be provided 
in this connection path. In addition, a path of an 
inactive gas as a purge gas or carrier gas can be 
connected to the connection path. 

In the present invention, a toxic halide gas is 

40 caused to pass through the packed layer in which a 
granular material of silicon, molybdenum, tungsten, 
molybdenum silicide, or tungsten silicide is heated, 
so that both the gas and granular materia! effec- 
tively react with each other. If nitrogen trifluoride 

45 (NFg) is used as the halide gas and silicon is used 
as the granular material, a reaction may, for exam- 
ple, progress in accordance with the following for- 
mula (1 ): 

3Si + 4NF3 — 3SiF^ + 2N2 (1) 
50 SiF* generated by this reaction is also a toxic 

substance and therefore should be treated by an 
alkali. If sodium hydroxide is used as the alkali, a 
reaction may, for example, progress in accordance 
with the following formula (2): 
SiF* ^ 6NaOH — Na2Si03 + 4NaF + 3H2O 
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(2) 

In this manner, toxic NF3 is efficiently detoxi- 
Gated through the above two reactions. 

As described above, according, to the present 
invention, a toxic halide can be detoxicated with 
high decomposition efficiency for a long tinne pe- 
riod by utilizing, a reaction between the halide and 
a granular material of silicon or the like without 
frequently changing a reaction phase. In addition, 
an apparatus for the reaction can be made very 
compact and hence is highly practical. 

A drawing is a flow diagram showing an experi- 
mental apparatus for detoxicating a halide accord- 
ing to an embodiment of the present invention. 

The present invention will be described in de- 
tail below with reference to the accompanying 
drawing. 

The drawing is a flow diagram showing an 
experimental apparatus for detoxicating a halide 
according to an embodiment of the present inven- 
tion. A halide, e.g.. NF3 gas is supplied to reaction 
chamber 2 while its flow rate is controlled by mass 
flow controller 1 , Chamber 2 is a stainless steel 
cylinder having a diameter of 50 mm. Packed layer 
3 consisting of, e.g., silicon grains is housed in 
chamber 2. Heating oven 4 is arranged around 
chamber 2 to heat layer 3 up to a predetermined 
temperature. 

A reaction product gas from chamber 2 is 
supplied to alkali treatment chamber 6 through 
valve 5. Alkali absorbent 7 is housed in chamber 6. 
A treated gas from chamber 6 is exhausted outside 
through valve 8. 

Analyzers 9 and 10 are arranged after cham- 
bers 2 and 6, respectively, and analyze the gases if 
necessary. Pipe 12 for supplying argon gas as a 
purge gas or carrier gas is connected to pipe 1 1 at 
an inlet of chamber 2. 

The present invention will be described in 
more detail below by way of its examples in which 
NF3 gas was treated using the above apparatus. 

Example 1 

Using a granular silicon having an average 
grain size of 2 mm as a granular material and soda 
asbestos as an alkali absorbent, NF3 was detoxi- 
cated under the following conditions. 
Flow Rate of NF3 Gas : 30 SCCM 
Temperature of Granular Silicon : 390* C 
Weight of Granular Silicon : 200 g 

The NF3 gas concentration in a gas treated 
under the above conditions was analyzed by a 
quadrupole mass spectrometer to obtain a decom- 
position efficiency. As a result, the decomposing 
efficiency was as very high as 99.99%. 



Example 2 

Using a granular tungsten having an average 
grain size of 1 mm as a granular material and soda 

5 asbestos and soda lime as an alkali absorbent, NF3 
gas was detoxicated under the following conditions. 
Flow Rate of NF3 Gas : 30 SCCM 
Temperature of Granular Tungsten : 500* C 
Weight of Granular Tungsten : 200 g 

70 The NF3 gas concentration in a gas treated 

under the above conditions was analyzed by a 
quadrupole mass spectrometer to obtain a decom- 
position efficiency. As a result, the decomposition 
efficiency was as very high as 99.9%. 

15 

Example 3 

Using a granular molybdenum having an aver- 
20 age grain size of 1.5 mm as a granular material 

and soda asbestos and soda lime as an alkali 

absorbent, NF3 gas was detoxicated under the 

following conditions. 

Flow Rate of NF3 Gas : 30 SCCM 
25 Temperature of Granular Molybdenum : 500° C 

Weight of Granular Molybdenum : 2O0 g 

The NF3 gas concentration in a gas treated 

under the above conditions was analyzed by a 

quadrupole mass spectrometer to obtain a decom- 
30 position efficiency. As a result, the decomposition 

efficiency was as very high as 99.9%. 



Claims 

35 

1. A method of detoxicating a halide of nitrogen 
or carbon, characterized by comprising the steps 
of: 

causing a nitrogen halide or carbon halide gas to 
40 pass through a packed layer in which at least one 
granular material selected from the group consist- 
ing of silicon, molybdenum, tungsten, molybdenum 
silicide, and tungsten silicide is heated so that said 
halide gas and said granular material react with 
45 each other; and 

treating a reaction product with an alkali. 

2. A method according to claim 1, character- 
ized in that a heating temperature of said packed 
layer is 300* C or higher. 

50 3. A method according to claim 1. character- 

ized in that said granular material is molybdenum, 
or tungsten, and a heating temperature of said 
packed layer is 320* C or higher. 

4. A method according to claim 1, character- 
55 ized in that a grain size of said granular material is 

0.1 to 5 mm. 

5. A method according to claim 1, character- 
ized in that the alkali for treating the reaction prod- 
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uct from said packed layer is soda asbestos or 
soda lime. 

6. A method according to claim 1, character- 
ized in that said nitrogen haltde is nitrogen 
trifiuoride (NFa), dinitrogen tetraftuoride (N2F4), or 
nitrogen trichloride (NClo)- 

7. A method according to claim 1. character- 
ized in that said carbon halide is hydrocarbon 
halide. 

8. A method according to claim 7, character- 
ized in that said hydrocarbon halide is CF4, CHF3, 
CHCtPs, or C2CI3F3. 

9. An apparatus for detoxicating a nitrogen 
halide or carbon hatide, characterized by compris- 
ing: 

a heating oven; 

a reaction chamber, heated by said heating oven, 
for housing a packed layer of at least one granular 
material selected from the group consisting of sili- 
con, molybdenum, tungsten, molybdenum siticide, 
and tungsten silicide; and 

an alkali treatment chamber connected to said re- 
action chamber. 
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